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INSULATION FOR PIEZOCERAMIC MULTILAYER ACTORS 
FIELD OF T HE IIWff.lVTtniv 

[001] The iuvention relates to a method for the maaufacture of piezoelectric multilayer 
aotuatex. (called "actuatorO hereinafler, ^ to an actuator manufactured by this method. 

BACKGROUND AND SUMMARY OF THE INVENTION 

[002] Piezoceramic multilayer actuator (see Fig. 1) in the state of the art consist of stacked thin 
layers of piezoelectrically active material 2, e.g., lead zirconate titanate (PZT) with conductive 
mlemal electrodes 7 ammged between them, which mn alternately to the surface of the actuator 
External electrodes3 and 4 connect these internal electmdes together. The internal electrodes are 
thereby connected electrically parallel and in a combination of two sets constituting the two 
tenninal poles of the actuator . If an electrical voltage is applied to the temiinal poles it is 
transferred parallel to all of the internal electrodes and cause an electrical field in all layers of the 
acti ve material which is thereby defonned mechanically. The sum of all these mechanical 
defonnations is available at the end surfaces of the actuator as useful expansion 6 and/or fotce. 

[003] Piezoceramic multilayer actuators are, in the state of the art, made in the form of 
monoliths, that is. the active material in the fomi of so-called green fihns ^ provided by scnsen 
printing methods witt, internal electrodes prior to sintering, pressed into actuator stacks, 
pyrolyzed and then sintered, resulting in the monolithic actuator . 

[004] A metal ground coating 3 is appUed to the acmator stack 1 in the area of the biought-out 
mtemal electrodes 7, e.g., by screen printing with metal paste. This metal ground coating is 
strengthened by applying a metal material 4, e.g, by soldering on an embossed plate or a wire 
mesh. The electrical connecting wire 5 is soldered onto this strengthened coating. 

[005] TTie structure and the mamifactuie of such actuators and external electrodes is 
thoroughly described, e.g.. i„ DE 33 30 538 Al, DE 40 36 287 C2. US 5 281 885. US 4 845 399 
US 5 406 164 and JP 07-226541 A. 
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[006] The ^adng betwe«. the internal electo,dcs 2a of different pola^ty leading out 

mterd^tallyissosmailthataflashoverwould^^ 

I^crefo^thesuraccis usually covered w,'th an in^^^^^^^^ 

offer only an msufficient protection against contact and a., n^echanically delicate is a 
d^advantage. vanishes, on the other hand, tend to come loose in opcrati^^ 
^posed to temperature change. The e.pre.sion, interdigitaj areas, i. to be understood to refer to 
the outwardly leading internal electrodes 2a in Fig. I between the contacted sides 3 and 4. 

[007] Mother possibility is to keep the electrodes from reaching all the way to the surface 
rbuned electrodes"), or to have only the electrodes of one polarity emerge at the surface 
("half-buried electrodes"). The disadvantage is that the active surface is dimini^ed and thus the 
development of the actuator's, power is reduced At the same time these inactive zones result in 
a cramping of the actuator and are li^le to crazing. 

[008] Another possibility for pn>tecting the surfece is to apply a ceramic fihn to the green 
surface of the actuator . sintered them with the actuator in order thus to achieve insulation (DB 
10 021 919 Al). A disadvantage in this method is that the outside dimensions of the actuator 
cannot be reproduced veiy accurately due to shrinkage during sintering. Moreover this 
insulating layer is made relatively thick by the process (typically >50 ^m) and thus has 
disadvantages similar to the two methods desctibed above. 

[009] The invention is addressed to the problem of achieving msulation with a ceramic which 
can be applied after sintering and shaping by grinding and thus can satisfy even severe geometric 
requirements. 

[010] This problem is solved according to the present invention, which relates to a method for 
the manufacture of pie^^electrical multilayer actuator , wherein thin coats of a piezoceramic 
niatenal. called green leaves, are applied to the at least one internal electrode, are thus stacked 
one on the oth^ in a block, that the internal electrodes are brought alternately to opposite faces 
of the actuator where they are comiected together by an external electrode, the actutor green 
body being sintered and subject to an abrasive shaping and then the ground metallization for the 
external electrode is appUed, characterized in that the areas to be insulated are coated by 
thick.layermethodswithapastecondsti„gofaninorganic,low.sinteri^^ 
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Jayer thickness after smterixig is between 1 and 40 Mm. 
DETAILED DESOUPTION 

[Oil] The present invention is diluted to a method for the manufactuxc of piezoelectrioal 
multilayer actuators by applying thin coats of a piezoceramic material to at least one inte«ial 
electrode, ^-ntemal.lect^des are brought alternately to opposite face, of the actuator where 
they are connected by an external electtode. TTieactuator green body is then sintered and 
abrasivelysbapcd. The ground metalli^on for the extern! elect„,de is appUed. Tl^eareasto 
be msulatedar. coated by thick-layer n^thodswithapastemadeofan inorganic, I^^^^^^ 
material or material nuxture and an organic binder system, this is this sintered to achieve a 
layer thickness of between 1 and 40 microns aiter sintering, preferably between 2 «ui 20 microns 
and more preferably between 4 and 15 microns. 

[012] Advantageously the coating t^es place after the sintering and shaping, and the coating is 
fired on at temperatures between 400 and 1200'C or between 600 and lOOO'C. or preferably 
between 650 and 850°C. 

[013] Preferably the firing of the insulating layer takes place together with the firing on of the 
external electrode and fonns a continuous coating. 

[014] Jn an alternative embodiment, the application of the insulating coating is made after the 
polarization of the actuator and. by drying at 20 to 250-C, preferably at 80 to IZO^C all 
electrodes of one polarity are covered, but not the electn^des of the other polarity, and thus no 
continuous coating is formed. 

[01 5] Preferably the low-sintering material is PZT Gead-zirconate^titanate) and/or it is identical 
with the actuator material. 

[016] Advantageously, the thick coating paste consists of a glass and an organic binder system. 

[017] PreferablythetWckcoatingpasteisapphedtothegreenactuator body and sintered 
together with the lattra-. 
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lubbcr-stamprngorrontagorbypharospraying. *" 

t019J M^,^r wHichisn«<..V«,.^,„f^i„^„„,,„^^ 
control ofaninecfion valve in motor vehicles. 

(0201 Additional feat-^ofacinv^donwiUapp^rftom toe figure, and ftc,™b«U„„« 

Which arc described below. 

[021] The surfaces to be insulated are coated by thick layer methods with a paste consisting of 
low-smtering P2T (known, for example, ftom DE 19 840 488 AI) a^d an organic binder system 
mis msulatmg coating is fired on at temperatures between 500 and 1200°C. preferably between 
600 and 900*^0. 

[022] In another embodimenttheactuator is polarized before the screen-printed coating is 
apphed, so that, when the paste is dried at 80-l20°C pyrotension is the result. Due to 
electrophoretic processes this pjroteosion brings the result that only every second electrode 
becomes coated with P2T particles. As a result, an outstanding insulation of the electn^ies of 
different poUrity is assmed after sintering, without the surface bei^g covered by a coherent layer 
to mterfere with expansion or the development of power in the actuator . 

[023] Examples of Prefened Embodiments 

[024] Theactuator is constructed as usual by bringing the electrodes out interdigitally on aU 
sides, butnoton the surfacesthataretobccontacted. Thcactuator's gieen body is sintered and 
can be subjected to high-precision shaping by grinding. Then the base metallization of the 

extenaalelectrodecmakingcontaa with electrodes of onepolarity) can be appl^^^ 

panting. 

[025] Method 1: The in=uMng o„a. « is applied by thick layer methods tog«her wHh the 
Hrtemal electrode layers (ground metallization) and fired on together (60O<rS<900<>Q Tie 
n-^afng coat now eovers .11 of the interdigital are« 8 of the acttnttor wia, a coaling between 2 
and 20 Mm preferably 4- 1 5 ,ra, d,ick. The latter is arongly adhere,, and scra«*-,esislan. and 
n«e,feresbutnegligiblyv^a,ftestr„keorpo„erdevelopmentof,heactua,or (Flg.2) Thenthe 
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with external electiodes, insulated by scxeen printing (full-.urfecc). 

[026] Method2:TheextemaIelectrode(gn,«ndmetaUi:^ticn)isered The actuator i. then 
polarized and on the surfaces, which have an intc«iigitai structure, a pa«e is applied, consisting 
oflow-smteringPZT and an organic binder system. When ihe paste is dried at 20-250-0 due to 
the pyroelectric effect of the fem>electric ceramic, an electric field is pn^uced in the still not 
dncd paste. Consequently, electnjphoretic pwccsses occur in the p^o, so that only every 
second internal electrode is cover«i (electrodes of one polarity (Fig. 3, No. 12). The electrodes 
1 1 of the other polarity are not covered. A subsequent firing process at temperatures around 
ysO^C results in an adherent and scratch-resistant insulation (Fig. 3). Figure 3 shows tlie 
insul ating surface of an actuator with internal electrodes 1 1 and insulation 12 of every second 
intanal electrode by silk-screen printing (interrupted). 
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